ABSTRACT Depression has been shown to affect the functioning, educational attainment and work-related outcomes of adults affected by the disease. Clinical evidence links maternal depression and behavior problems in children. Little research attention has been accorded the inter-generational effects of parental mental and addictive disorders on cognitive, behavioral, and educational outcomes of children. Heckman (2007) has shown that social and emotional aspects of early childhood outcomes have profound effects on the ultimate economic well-being of individuals. We study effects of maternal depression and substance abuse among children born to mothers in the initial cohort of the 1979 National Longitudinal Survey of Youth (NLSY), a national household survey of high school students aged 14-19 in 1979. We follow 1587 children aged 1-5 in 1987, observing them throughout childhood and into high school.
Introduction
New approaches to modeling the formation of human capital represents a synthesis of the human capital approach and a life cycle view of human development that is grounded in neuroscience (Heckman 2007) . That literature highlights the importance of the household environment on the development of children and the fact that a child's relationship with their care giver is important in determining the development of the brain. Thus, the stability of the home and parental mental health can have notable impacts on skill development in children that may have impacts on the stock of human capital in adults (Knudsen, Heckman et al. 2006; Heckman 2007 ).
There is a well developed literature that links mental illness in adults to lower levels of employment, reduced productivity, lower earnings and early exits from the labor force (Currie and Madrian 1999; Frank and Koss 2005) . 1 Empirical analysis of the causal links between mental illness and labor market outcomes reveal evidence of intergenerational effects of mental disorders on labor market outcomes. That is, working age adults with parents that suffered from mental disorders had relative odds of working that 5 to 10 percent lower than the odds for otherwise similar adults that reported no mental illness in their parents (Ettner, Frank et al. 1997) . Similarly parental mental illness has the effect of reducing earnings and hours worked in working adults holding constant other factors affecting labor supply. That research and other work (Currie and Stabile 2008) also suggest that the effect is in part due to an increased likelihood of experiencing a mental illness if one's parents had such illnesses (relative odds of 1.12 to 1.24).
Understanding how parental mental disorders can affect skill accumulation and adult human capital is especially important given that there are cost-effective treatments that have been tested in women of child bearing ages at various income levels (U.S.
Department of Health and Human Services 1999; Miranda, Chung et al. 2003) . Thus, ameliorating parental mental health problems offer the potential to efficiently bolster the development of human capital at an early age.
In this paper we examine the impact of maternal depression and substance abuse on the cognitive and behavioral development of children during their early school years.
We make use of data from the National Longitudinal Survey of Youth, 1979 cohort, to estimate the impact of maternal mental health on a set of cognitive and behavioral outcomes in grammar school aged children. Our results show that the main effect of maternal mental health problems is on behavioral rather than cognitive outcomes. As The paper is organized into 7 sections. The first summarizes background research on child development and maternal depression. The second provides a theoretical discussion of how maternal depression and substance use and abuse may influence child human capital development. Section 3 describes our data and measures of interest.
Section 4 lays out the empirical strategy in detail. Section 5 provides the main results on how maternal behavioral health influences maternal investments in children and child outcomes. Section 6 provides alternative specifications of these results and robustness checks. Section 7 concludes with a discussion of implications.
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Background
Research in neurobiology and child development shows important effects that stress in the home environment can have for the healthy development of children. That research also shows that early influences (positive or negative) on emotional development in children can have lasting effects into adulthood. The quality of maternal care early in life is known to be important in animals and humans (McEwan and Seeman 1999) . Stable and supportive care giving environments have been linked to an enhanced ability to cope with stress that reduces the likelihood of mental health problems.
Maternal depression is thought to disrupt the care giving environment (U.S.
Department of Health and Human Services 1999; Kim-Cohen, Moffit et al. 2005 ). The early literature on maternal depression established evidence that there are important and lasting effects of maternal depression on child development (Cogill, Caplan et al. 1986) .
A study by Cogill and colleagues (1986) shows that maternal depression early in a child's life (1 st year) has a negative and significant effect of cognitive skills measured at age 4. A meta-analysis published in 1999 reviewed 33 studies of the relationship between maternal depression and child behavior (Beck 1999) . That review showed a consistent relationship between maternal depression and child behavior. The results showed that behavior problems occurred both in the pre-school period and among school aged children.
Two more recent studies have been reported. In one paper, (Petterson and Albers 2001) , the authors analyzed the National Maternal and Infant follow back survey data to examine the impacts of maternal depression and poverty on child development. They found that mothers with likely depression as measured by a CESD score of 16 to 30 and 30 and above had young children that scored lower on cognitive and motor skills development tests. They also found that higher income levels appear to attenuate but do not eliminate the effects of maternal depression. A British study examined the link between maternal depression and antisocial behavior in children (Kim-Cohen, Moffit et al. 2005) . Using data on twins, the authors examined the impact of maternal depression that occurred during the first 5 years of life on antisocial behavior measured at age 7.
They also examined the incremental effects of maternal depression that occurred when the children were aged 5 to 7 years. The results showed a significant impact on antisocial behavior at age 7 of both early maternal depression and more recent depression.
The presence of mental health problems in school aged children has been linked to long term reduction in the accumulation of human capital (Currie and Stabile 2008) . Currie and Stabile (2008) use the National Longitudinal Survey of Youth (NLSY) to examine the impact of mental disorders on children and their subsequent academic achievement. They show that ADHD and conduct disorders both have negative and significant impacts on achievement test scores and levels of educational attainment.
Together these results suggest that maternal depression, one of the most treatable of mental disorders, can have lasting effects on the accumulation of human capital early in life.
Theoretical Considerations
Cunha and colleagues (Cunha, Heckman et al. 2006; Cunha and Heckman 2007) have developed a model that links skill or capability (education, cognitive, emotional and behavioral attributes that underlie economic success) formation in children to parental capabilities and parental investments in child development. The model developed by Cunha et al (2006) The empirical work presented in this paper takes these ideas as a point of departure. Consider the skills formation function of Cunha et al (2006) (1) S t+1 = F( PS, S t , I t ; M t )
Where S is the level of skill formation, PS is parental skill attributes (education, cognitive abilities etc), I is the investment in child capabilities at time t, and M is mother's mental health status at time t. We focus on mother's mental health status because of the mother's central role as a care giver and the existing clinical evidence cited above of a link between mother's mental health and child skills acquisition. We focus on depression and substance abuse because they are relatively common mental health problems in women of child bearing age and because they can disrupt care giving. We observe the impact of these two sets of mental health problems on measures of cognitive and behavioral skills formation early in a child's academic career (grades 1-5 and again in grades 6-9). In our conception, maternal depression and substance abuse can affect skill formation in children by reducing the effective level of parent skills (PS) and by reducing the productivity of parental investments in child skills development (I). The literature on the impact of mental disorders on human capital formation shows that mental and substance abuse problems affect productivity conditioning on human capital attributes (Frank and Koss, 2005) .
The empirical implications of these ideas are that models aimed at estimating the impact of depression and substance abuse on child development should condition on parental skill levels. Thus our empirical analysis tries to account for the mother's stock of human capital at the time of the child's early schooling. We then estimate the impact of a proximate mental health shock (maternal depression substance abuse) on the parents' level and effectiveness of investment in skill acquisition for their children. Our empirical strategy directly examines the effect of depression and substance abuse on indicators of maternal investments in child development. We then use propensity score weighting methods (Rosenbaum and Rubin 1983) and maternal fixed effects to condition out mother's unmeasured human capital and other capabilities (Currie and Thomas 1999) .
Data and Methods

The 1979 National Longitudinal Survey of Youth
We used the 1979 cohort of the National 4 The cutoff for depression was 8 on a scale from 0 to 21 on seven item scales, and 9 on a scale from 0 to 27 on 9 item scales. both 1992 and 1994. We do this to minimize the measurement error natural in population based measures of depressive symptoms. In models that examine within-mother outcomes of multiple children, we use a single measure of depression (1992, 1994, or age 40) closest to the child's 7-10 year old assessment.
As part of our attempt to focus on proximate symptoms of depression that occurred during a child's primary school years, we also wanted to control for early depression in mothers before the child was born. We did this to control for the most recalcitrant cases of depression that might be less amenable to treatment. Because the CES-D questions were not used before 1992 in the NLSY, we used another assessment administered in 1980 and 1987, the ten item Rosenberg scale of self-esteem (Rosenberg 1965) , that measures some symptoms of depression in mothers. Although this scale was designed to measure self-esteem, it correlates strongly with many aspects of the CES-D.
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We created our proxy indicator of depression in 1980 and 1987 using the standard cutoffs for low self esteem, a score below 10 on the 30 point Rosenberg scale.
The NLSY asked respondents extensive questions regarding use of alcohol and illicit drugs, and in selected years, respondents were asked to report a wide array of symptoms associated with alcohol abuse or dependence. To target alcohol use associated with functional impairment, we used questions from the 1985, 1989, and 1994 surveys to code individuals with 2 or more symptoms of alcohol abuse or dependence. See the appendix for a list of the questions used to identify symptoms. Very few mothers reported use of illicit drugs other than marijuana, so we focused on measures of heavy marijuana 5 We verified the correlation among female respondents in the National Longitudinal Survey of Generations (Bengston 1997), a survey of California health maintenance organization enrollees age-matched to the same cohort as the NLSY. In this survey, measures of the CES-D and the Rottenberg scale were significantly (p<.0001) positively correlated with ρ ranging from .56 to .64 during years in which both measures were available (1988, 1991, 1994, and 1997) .
use based on the 1984, 1992, and 1998 surveys. We coded marijuana use as heavy for individuals who had used marijuana more than 5 times in the last 30 days (1984) or 1-2 times per week or more often in the last 30 days (1992 and 1998) . Unlike the NLSY questions on alcohol use, the survey provides no information regarding symptoms related to marijuana use, and heavy use of marijuana in itself does not necessarily imply that mothers were impaired by marijuana use.
Maternal investments in children -the HOME scales
To understand how maternal depression and problem substance use might influence children, we first examine investments in children made in the home. The 
Child outcomes
We focused on both cognitive and behavioral outcomes of children. The cognitive outcomes were scores on the Peabody Individual Achievement Test (PIAT) in Math and Reading Comprehension. We include two PIAT assessments for each child, the first took place when the child was between the ages of 7 and 10, and the second occurred when the child was between ages 11 and 14. In a separate assessment of child behavior, mothers were asked multiple items regarding child behavior, the Behavior Problem Index (BPI), which was adapted from Achenbach's Child Behavior Check List (Achenbach and Edlebroch 1978; Achenbach and Edlebroch 1979) . As with the cognitive measures, we include two BPI measures, an assessment between ages 7 and 10, and an assessment between ages 11 and 14. In addition, children aged 10 and older answered 9 items related to delinquency which were combined by NLSY staff to form a delinquency scale (see the Appendix for details). For all children, we examine whether the child has ever been suspended or expelled from school at any point during the schooling years.
Overview of Empirical Approach
Our analysis of the influence of depression and substance use or abuse on child outcomes faces several common methodological challenges due to potential reverse causation and omitted variables that may be correlated with both measures of interest (maternal depression and substance use and abuse) and the child outcomes. Reverse causation could occur if children who have poor behavior or low cognitive skills cause stress for mothers that might trigger symptoms of depression, alcohol abuse, or lead to heavier use of marijuana. The second potential threat to our analysis is that unobserved variables could influence both maternal behavioral health and child outcomes. For example, if mothers with lower cognitive skills also are at higher risk of poor mental health, and if maternal cognitive skills affect the way in which mothers invest in children, we might erroneously attribute child outcomes to maternal depression when in fact the mother's low cognitive endowment causes both poor mental health and poor child outcomes. We undertake multiple steps to address these threats to inference in our analyses.
First, the longitudinal nature of the NLSY helps to insure that we identify symptoms of depression and/or substance abuse that precede child assessments of behavior and cognitive outcomes. We experimented with alternative specifications regarding the measurement of a mother's mental health and the measurement of child outcomes, but our qualitative and quantitative findings hold regardless of whether maternal behavioral health measures precede child outcome measures, or whether they are simultaneously measured. Second, the rich data available through the NLSY minimize the potential threat of unobserved variables because we can control for an expansive set of covariates. For example, we have a measure of maternal IQ based on her 1980 percentile on the Armed Forces Qualification Test. We also know details regarding the mother's household of origin during her high school years, so we can control for household structure, a measure of permanent income (income measured over the period from 1979-84) and educational attainment of the mother's parents. A unique feature in the NLSY is that respondents report depression and/or anxiety of their parents, as well as whether a mother or father had problematic drinking behavior. Throughout the paper, we refer to the mother's parents as grandparents, since we are focused on child outcomes. Also, due to the structure of the NLSY sample frame, many mothers have siblings in the NLSY; we have measures of depression and substance use/abuse. We use these family measures of parent and sibling behavioral health to control for family-level factors such as genetic predisposition to have behavioral health problems. Third, we combine the detailed information about the mother's family of origin with early measures of the mother's behavioral health and substance use to match mothers based on their likelihood of depression using propensity score methods. This ensures that we are comparing mothers who are similar with respect to observed characteristics that are associated with a high likelihood of depression. Finally, we test the robustness of our main findings among a sample of mothers with more than one child, using fixed effect specifications to measure within-mother differences in child outcomes related to contemporaneous symptoms of depression and/or alcohol abuse. This last approach is similar in spirit to models estimated by Chatterji and Markowitz (2001) in the NLSY, although we employ multiple measures of maternal depression symptoms, and we examine alcohol abuse whereas the prior paper estimates the effect of substance use (Chatterji and Markowitz 2001) . Our narrower definition captures women who are impaired by drinking behavior, and we incorporate the effect of maternal depression on primary school outcomes for children.
Propensity Score Models
To ensure that we are comparing similar women, we use propensity score methods to balance our data so that the women in our sample share common attributes during their youth that are associated with depression (whether or not they actually display symptoms). Using an adaptation of weighting methods initially proposed by Hirano and Imbens (2001) , but modified as described in Li, Zaslavsky and Landrum (2007), we use the extensive information available in the NLSY on the mother's youth to predict her likelihood of depression measured using the CESD in 1992 and 1994 (Hirano and Imbens 2001; Li, Zaslavsky et al. 2007) . The propensity score model takes the following form:
where X is a vector of early life characteristics of the mother and Z captures characteristics of the mother's family and household of origin. The X vector of mother's characteristics when she was a youth includes: a measure of depression using the 1980 Rosenberg scale, whether the mother had 2 or more symptoms of alcohol abuse or dependence in 1985, whether the mother used marijuana 6 times or more in the 30 days prior to the 1984 survey, whether the mother was an oldest child, the mother's race and ethnicity, and her 1980-81 AFQT percentile. The Z vector includes: whether the mother reports that either of her parents (the maternal grandparents) had alcohol problems, whether either maternal grandparent had anxiety or depression, whether the maternal grandparents were married in 1979, the mother's mean real family income 1979-1984, the mother's number of siblings in 1979, two indicators for whether the maternal grandmother completed high school or some college, indicators for whether the mother had a sibling NLSY participant who was depressed in 1980, had symptoms of alcohol abuse in 1985, or used marijuana heavily in 1984. We then used the estimated parameters from (1) to construct a propensity score, propensity score weighting approach, described briefly in Li, Zaslavsky, and Landrum (2007) , like more commonly discussed inverse probability weighting techniques (Hirano & Imbens, 2001) , balances observed characteristics across treatment and control groups.
However, in this case, characteristics are balanced to resemble those among overlapping portions of the treatment and control distributions of observed characteristics. This adapted technique obtains average treatment effects, over the distribution of covariates in the population where the treatment and control groups overlap, as opposed to the entire population. This approach also minimizes the variance of our estimates, which can be excessively large in inverse probability weighting techniques when individuals have a very low propensity score. By construction, this propensity score weighting technique forces the distribution of observed characteristics in the propensity model to be identical across the two groups.
6 All estimates presented later weight each observation with the propensity-score-based weight multiplied by the sample weight provided in the NLSY surveys.
Outcome models
To examine how maternal depression and substance use/abuse affect children, we estimate models of both maternal inputs (the HOMES scales) and continuous child outcomes. We estimate models of the following form:
Where the measures of depression, symptoms of alcohol abuse or dependence, and heavy marijuana use are the main variables of interest, and are coded as described above. The model includes a set of age dummies to reflect the age of the child at the time the outcome Y was measured in relation to a reference age, the modal age at which an assessment occurred. Child cognitive and behavior scores vary widely with the age of the child. The vector X includes individual characteristics of the child, the child's mother, and the household at the time the outcome was measured. These variables (defined in table 2) include: child sex, whether child is the oldest, number of child's siblings, whether child was born to a teenage mother, mother's marital status, mother's years of education, and a measure of permanent income, average annual household 6 For an application in health services research see (McWilliams et al. 2003) .
income [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] . In addition to the OLS models described earlier, we have one binary outcome for children, suspension/expulsion from school at any point during the schooling years. We estimate logit models of the same variables in (2), but the dependent variable is the log-odds of the probability of being expelled or suspended.
Because we balance depressed and non-depressed mothers based on a extensive set of early life characteristics, including behavioral health of mother and her family members, we interpret the β coefficients as the effect of proximate symptoms of depression, alcohol abuse, and heavy marijuana use on maternal inputs and child outcomes. By specifying the model in this way, we hope to isolate symptoms of depression, for example, that are most amenable to treatment. We also hope to learn something about the mechanism linking depression and substance abuse to child human capital by studying how these factors relate to maternal emotional and cognitive inputs.
Factor models
As described earlier we examine several indicators of cognitive development (PIAT reading and math scores) and several behavioral measures (BPI, reports of suspension/expulsion, delinquency). Because these measures seek in part to measure fundamental phenomena related to cognitive development, learning, and social and emotional development, we develop a summary measure of cognitive development and behavior. We do this by estimating a factor model. We expect that the use of factors will increase our statistical power to estimate the effect of depressive symptoms and substance abuse on child cognitive and behavioral outcomes. Our approach follows previous work (Fryer, Heaton et al. 2006) . We estimate these models in two steps. First, we conduct the factor analysis from which we construct our cognitive and behavior outcome measures.
We follow Fryer et al (2006) and focus on a single factor with the greatest explanatory power if it explains more than 50% of the variance in the proxy measures. In these data, the cognitive factor accounts for over 67% of the variation in the proxies, while the cognitive factor explains 53% of the variation in those proxies (see Table 6 ). Table 1 summarizes the outcomes of interest for the 1587 children in our sample.
Results
The total HOMES scale measure averages 985 with a standard deviation of about 150.
The cognitive stimulation score has a similar mean and variance. The emotional stimulation score averages about 48, but with a standard deviation close to 30. The cognitive measures are all standardized to have an average near 100 with standard deviations in the range of 12 to 15. The behavior problems indices are similarly standardized, although the variance is modestly higher for these (with standard deviations ranging from 15-17). The delinquency scale is standardized to have a mean of zero with higher numbers indicating increasing delinquent behavior. In this group of children born to relatively young mothers, the average score on the scale is slightly positive, .055.
Finally, a sizeable minority of children in our sample, 22.4 percent, have experienced suspension or expulsion from school. Table 2 summarizes the maternal characteristics of interest, the rate of mothers likely to have depression, alcohol abuse/dependence symptoms, and heavy marijuana use; it also summarizes the set of covariates employed in each analysis. As teenagers and young adults, based on Rosenberg scores, the mothers had rates of depression of 18.6 percent. This rate is in line with epidemiological evidence from the National Comorbidity Study Replication (Kessler, Berglund et al. 2005) . The NCS collected information on US adults aged 18 and older, where about 18 percent of the population experiences an anxiety disorder, 9.5 percent experience a mood disorder, and about 26 percent are estimated to have a diagnosis of any mental disorder in the course of the year (Kessler, Berglund et al. 2005) . Just over 3 percent had symptoms of alcohol abuse and/or dependence, similar to national numbers on the 12 month prevalence of alcohol abuse. One surprising statistic from Table 2 is the high rate of problem drinking women report among their parents, 20 percent. This measure is admittedly crude and we would expect it to be considerably higher than the mother's own alcohol abuse or dependence both because of the measure (which likely includes drinking that does not cause functional impairment) and because this variable reflects the perceived drinking behavior of both parents, rather than a single individual. In contrast, mothers report very low rates of anxiety and/or depression among their parents, less than 4 percent. To address the potential for under-reporting of depression and anxiety and possible over-reporting of problem drinking, where available, we used sibling reports to increase the specificity of problem drinking questions and to increase the sensitivity of questions regarding anxiety and depression among maternal grandparents. Table 3 displays results for our first set of outcome models, those estimating how maternal emotional and cognitive stimulation varies with maternal depression and maternal substance use or abuse. Two patterns emerge from this table. First, maternal depression is estimated to have a significant influence on the supply of maternal emotional stimulation measures to school aged children in both primary and middle school years. The emotional stimulation sub-component of the HOMES falls by about 6 points (or one fifth of a standard deviation) if a mother has symptoms of depression.
Maternal Inputs:
Second, the magnitude of this adverse effect of depression is large, especially if one compares it to the magnitude of other indicators that we think are likely to be important, like household income. For example, the 6 point drop in the emotional sub-scale is larger than the drop that occurs with an increase of one in the log of household income. Third, the effect of maternal depression on the emotional stimulation scale does not hold for the cognitive stimulation scale. Recall that the cognitive scale averages over 990, with a standard deviation of nearly 150. Thus, the insignificant 7 point drop in the cognitive stimulation scale for mothers who are likely to be depressed versus those that aren't depressed is small. Finally, the table reveals a similar lack of influence of symptoms of alcohol abuse or dependence among mothers on the cognitive stimulation provided by mothers. In contrast, symptoms of alcohol abuse and/or dependence have moderately large, and statistically significant, effects on the emotional stimulation subscale measured when children were age 11 to 14. Together, our results imply that behavioral health symptoms among mothers may have moderate effects on inputs that influence a child's emotional development and behavior, but have few measureable effects on our measure of mother's cognitive input. Table 4 shows models of child math and reading comprehension scores on the PIAT. The main message from these models is that maternal depression (after controlling for early life circumstances of the mother) has little or no effect on cognitive outcomes among children. For young adolescents, age 11 to 14, having a mother with symptoms of alcohol abuse is estimated to lower math test scores. Finally, there is no discernable effect of contemporaneous maternal marijuana use on cognitive outcomes among children. Table 5 reports the results for similar models of child behavior outcomes. Strikingly, scores on the BPI are 7 points higher (indicating more behavior problems) among children with mothers who are depressed. These results are consistent with the decrement to emotional stimulation among these depressed mothers based on the HOMES scale. As in the earlier results on emotional stimulation, these effects are sizeable, especially in comparison to other measures such as household income.
However, it is difficult to link maternal depression to either delinquency of 10-14 year olds, or suspension/expulsion, since these parameter estimates are small and not precise.
The estimated effects of maternal alcohol abuse on behavior are mixed. For younger children, alcohol abuse is associated with worse BPI measures. For older children, this is not the case. And, surprisingly, children with mothers who have symptoms of alcohol abuse are significantly less likely to be suspended or expelled. The mechanism for this is unclear, although one potential hypothesis is that schools that are aware of substance abuse problems among parents may be reluctant to suspend or expel children because school offers a safe environment with less exposure to substance abuse. We do not have information on the location of suspensions (in or out of school) to test this hypothesis, however. A similarly surprising effect is that children of mothers who are heavy marijuana users tend to engage in less delinquent behavior than other children. In the case of marijuana, this may reflect the lack of information about potential marijuana abuse or dependence as opposed to use that does not coincide with functional impairment.
Factor Analyses
Because few studies have assessed more moderate effects of depression and substance use on cognitive and behavioral outcomes during the school years, there is little guidance to indicate which behavioral measure or which cognitive measure might be most important among children who have mothers with behavioral health problems. We used factor analysis to create an outcome measure that would be guided by the data. This approach has the added advantage of allowing us to combine very concrete measures from the mother's standpoint, such as suspension/expulsion and the delinquency scale, with more impressionistic indicators such as the BPI that might be influenced by symptoms of depression in mothers. Table 6 displays results of the factor analysis. It shows that, as we suspected, the cognitive measures capture related constructs and they contribute relatively equal weights to the first factor. Similarly, the behavioral measures contribute comparable weight to the underlying behavior factor. As noted earlier, the first factor captures more than half the variation in both sets of proxy variables. Table 7 displays the results of analyses using our constructed behavior and cognitive factor indices as the outcomes of interest. This table confirms the results of the paper thus far. Maternal depression has relatively little effect on cognitive outcomes among children in primary and middle school years. In contrast, it has a moderately large negative effect on child behavior (about one third of a standard deviation). Heavy marijuana use by mothers is estimated to have a negative effect on the cognitive score that is significantly different from zero at conventional levels. Surprisingly maternal alcohol abuse and dependence is estimated to have a positive and significant effect on the cognitive factor for the 7-11 year olds. This result is stable to changes in specification.
Robustness check -Fixed Effect Models
Our preferred models are those presented in tables 3 through 6 because they allow us to capture the influence of contemporaneous maternal behavioral health at different points in time for children in primary and middle school years. We deliberately chose not to look "within child" at the effect of maternal depression because depression might matter differently for children at different ages and we did not want to assume that the effect of behavioral health problems should be the same at different ages. However, most women in our sample have more than one child, allowing us to examine the impact of maternal behavioral health for different children, measured at similar ages. Thus, for an expanded sample of NLSY women with multiple children (not just the mothers of our 1587), we estimated age 7-10 outcomes as a function of maternal depression symptoms, controlling for mother-specific fixed effects. With the fixed effects, it was no longer necessary to use the propensity score weighting. However, we did control for the time varying covariates used in the rest of our child outcome models. The results of these within mother models for 2653 women with 2 or more children are shown in Table 8 .
As in our previous results, maternal depression seems to be exerting the most important effect on child behavior measures but not for child cognitive measures. The BPI is 3.3 points higher for children who are assessed during a period shortly before, during, or after an interview in which the mother had symptoms of depression according to her responses on the CESD. Given that the measures of depression do not necessarily match up to child assessments as well as in the earlier models, and considering the variation absorbed by the maternal fixed effects, we view this result as strong confirmation of our main finding, that maternal depression interferes with child behavior.
7 both internalizing and externalizing. Our results from the HOMES scales suggest that this negative influence of maternal depression operates mainly through decrements in emotional stimulation at home, rather than through lowered opportunities for cognitive stimulation.
Conclusions and implications
The analysis reported here shows that symptoms consistent with a high likelihood of depression in mothers of young school age children interfere with measures of social and emotional development. This result is robust to a variety of empirical specifications. We uncover evidence suggesting that the mechanism through which depression affects the social and emotional development of grammar school aged children is through the disruption of parenting activity that manages anger, misbehavior and other emotions of young children. At the same time we do not find any evidence that maternal depression has a meaningful effect on measures of cognitive development (reading and math).
To put the magnitude of the effects in context we use the parameter estimates from our models of the BPI for young children (7-11) to consider the increase in household income that would compensate for the impact of maternal depression. We estimate that an increase in household income of about $63,000, assessed at the sample 7 We also estimated models of behavior using sub-scale for internalizing mental health problems (anxiety and depression) and externalizing behavior (conduct disorder). The results indicate that a high likelihood maternal depression affects both types of behavior problems. Detailed results are available from the authors upon request.
mean, would produce an increase in BPI sufficient of offset the impact of mother's depression.
The results for indicators of maternal alcohol abuse and dependence are somewhat mixed. There we find some evidence that alcohol abuse/dependence affects both cognitive and social and emotional development. The estimates are less consistent across models than were those for depression. We did find evidence suggesting that alcohol abuse/dependence indicators interfere with mother's activities aimed at emotional support. We are therefore more tentative in our view about the impacts of mother's substance abuse on human capital formation in young children. More investigation of the mechanism and the impact on outcome of substance abuse problems in mothers is warranted.
Heckman and coauthors have produced evidence showing the importance of investment in the social and emotional development of children to economic successes later in life (Heckman, Stixrud et al. 2006) . Our results highlight the role of maternal behavioral health as an input into the social and emotional development of young children. Specifically, we find that maternal depression can be especially disruptive of child social and emotional development
There are a number of effective strategies for the treatment of depression. They can include psychotherapies, antidepressant medications and combinations of these inputs. A number of these approaches have been tested on low income mothers of young children and have been found to be highly effective (Miranda, Chung et al. 2003) . This means that recognizing and treating depression in mother's of young children may constitute an effective investment in human capital formation. Given the modest costs of treating most cases of depression ($1200-$2000) , and the potential significant and lasting effects that interruptions in social and emotional development can have of human capital formation, greater attention to screening and treatment of at risk women (e.g. Head Start mothers) with young children may be warranted. Mother reads to child 3+ times per week (age 7-10) 49.45% p < 0.05, * p < 0.10; Regressions 1-4 are estimated using OLS regression 5 is estimated with logistic regression; 1 1989 for age 7-10 outcomes and 1994 for age 11-14 outcomes; 2 1992 for age 7-10 outcomes and 1998 for age 11-14 outcomes. All observations weighted based on propensity scores from models of maternal depression in 1992 and 1994. *** p < 0.01, ** p < 0.05, * p < 0.10; Regressions are estimated using OLS. Regressions are estimated using OLS; All observations weighted based on propensity scores from models of maternal depression in 1992 and 1994.Cognitive index model includes covariates from both age 7-10 models and age 11-14 models, as in Table 3 . Behavior index model includes covariates from age 11-14 models shown in Table 3 . 
